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2 (S 7 ) Abstract: A separator-cell construction and a connection of several such separator-cells in parallel; a device and a method for 
® separating well fluids from different zones independent from each other in an inclined part of the well and/or a horizontal part of the 
Q well; a separator with at least two inlet openings (13, 14) for the well How, one (13) situatedat a higher altitude than the other (14), 
^ to utilize the pre-separatiqn of the well fluid before it enters the separation chamber and provide that the hydrocarbon enriched part 
^ of the well fluid enters the higher opening and the water enriched part of the well fluid enters the lower opening are described. 
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DEVICE AND METHOD FOR COUNTER-CURRENT SEPARATION OF WELL FLUIDS 

The present invention relates to methods and devices for separation of well fluids 
5 according to the preamble of at least one of the enclosed independent claims. 

In particular the invention relates to devices and methods for downhole counter-current 
separation of well fluids. 

1 0 During production of hydrocarbons from subterranean wells, water will be produced in 
addition to the hydrocarbons. The water is usually of a higher density than the 
hydrocarbons and thus tending to collect in the lower cross section of the wellbore and a 
stratified flow pattern will be formed. Water will also flow at a lower velocity than the 
hydrocarbons in inclined wells due to gravity forces. It can even flow downwards in 

15 some sections of the well. 

Most wells will late in their production life cycle experience increased water 
production. Old fields are therefore typically producing more water than hydrocarbons. 
Hence one of the most challenging tasks for the industry is to handle these huge 
20 quantities of produced water. 

A particularly challenging aspect of this issue is the fact that most of these old wells 
cannot cany the cost of re-drilling or a full work-over. Cheap retrofits would therefore 
be the ideal solution. Most of these wells have no horizontal section with the 
25 consequence that downhole gravity based horizontal separation cannot be implemented. 
A separation system that can be applied in a deviated well would therefore be of great 
interest. 

There are two important previously known methods for downhole separation; 

30 • The cyclone based system, which has been known for quite a while, has so far 
been a limited commercial success due to questionable reliability, and 
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• The gravity based separator systems, where low rate systems, Dual Action 
Pumping System (DAPS) handling less than 200 m3/d, have been tried with 
mixed results, while high rate systems not have been commercially applied yet. 

Two types of high rate gravity based separator systems are known; the horizontal 
5 separator by Norsk Hydro described in WO 98/41304 and the inclined well separator by 
Schlumberger described in GB 2 326 895, as well a variant of this by ABB described in 
Norwegian Patent Application 2000 0900, 

The basic concept behind the downhole horizontal separation system described in WO 
1 0 98/4 1 3 04 is to control the flow-rate of the formation fluid in a horizontal section of the 
well to such a rate that stratification occurs. The separated oil is allowed to flow freely 
to surface assuming sufficient bottom hole pressure (gas lift or other artificial lift 
methods might be used otherwise). A downhole pump is used to inject the separated 
water into a suitable zone. 

15 

The downhole gravity based separation systems of GB 2 326 895 and NO 2000 0900 
are suitable for inclined well bores. The system of GB 2 326 895 is similar to the WO 
98/41304 except in that it suggests two outlet tubes, one taking the oil and the other the 
separated water. A sensor located close the outlet openings will be used to control the 
20 rate of outflow. Compared to WO 98/41304 this system claims to be working at 

inclinations from 0 to 50 degrees. The system of NO 2000 0900 also claims to work in 
inclined wells where the heavy fluid component (water) is allowed to be separated out 
of the incoming fluid through openings in a tube into a second channel formed between 
the outside this tube and the casing of the well. 

25 

Such systems will require a stratified flow patterns inside the separation chamber in 
order to work. Oil, being lighter than water, will flow upwards in the uppermost layer 
reaching the oil outlet. Water will flow at a lower velocity or flow in a counter-current 
direction inside the separation chamber (depending on the angle and overall flow rate) 
30 and be picked up by the water outlet tube or the drain-openings. The maximum 
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allowable slip velocity between oil and water is a critical parameter in determining the 
overall capacity of such a system. When this slip velocity increases above a certain 
maximum value, the fluids will re-mix at the interface and separation will break down. 

5 The advantage is however the ability to work within an inclined bore-hole. 

Studies have been undertaken by the applicant during spring/summer 2001 with the 
objective to establish a new downhole separation device that could be suitable, e.g., as a 
10 retrofit to old, wet wells. 

The following criteria were established as basis for a possible downhole separation 
system to be retrofitted to such old, wet wells: 
1. No re-drilling required 
15 2. Fit inside standard casings sizes: 7" and 9 5/8" 

3 . Work in inclined wells 

4. Avoid rotating equipment (pump, compressor) in the well if possible 

5. Separated phases (hydrocarbons and water) channelled to surface, alternatively 
water channelled to a low pressurised underground formation without using a pump 

20 6. A minimum of downhole monitoring and control (for simplicity) 

7. Separated phases being clean enough to by-pass 1 . and 2. stage separators at the 
surface 

8. Work at all water-cuts 

9. Accept high flow rate (typically above 2000 m 3 /day) 

25 

There is currently no downhole separation technology that fit these criteria. 
Cyclone based downhole separation technology will not meet criteria No. 7 and 8. 
Low rate gravity based systems will not meet criteria No. 5 and 9. 
Downhole Horizontal Separation (high rate) will not meet criteria No. 3. 
30 Ongoing developments of rotary separators will not meet criteria No. 4. 

The gravity based systems for inclined holes will not meet criteria No.9. (see below). 
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Consequently there is a need to fill these technology gaps since the market feedback 
indicate that there is a large need for this kind of installations. 

5 On this basis it was decided to make a technical evaluation of the Counter-current 
Separation (CS) principle (similar to what is described in GB 2 326 895 and NO 2000 
0900) which is depending on an inclined bore hole to function. The system is based on 
separation by gravity, but with the difference from WO 98/41304 that water is led in the 
opposite direction to the oil. Gravity will make water collect at the bottom of the well 
10 where an outlet tube or a pump is located to dispose it to surface or into an injection 

zone. Compared to WO 98/41304, a substantial slip velocity will be present between the 
oil arid the water phases. Tests have shown that this will become a limiting factor for the 
overall capacity of such a system. 

1 5 The tests showed that to be effective the flow velocity in the well bore would have to be 
reduced to about 10-20 % of the outlet flow rate of a normal high rate well. 
Consequently, the separators of GB 2 326 895 and NO 2000 0900 will only be useful 
for lower rate wells. 

20 To overcome this limitation the present invention in one aspect prescribes the concept 
of a CS-cell construction and in another aspect connection of several of such CS cells in 
parallel. 

In yet another aspect the invention prescribes a device and a method for separating well 
25 fluids from different zones independent from each other. The separation can take place 
in an inclined part of the well and/or a horizontal part of the well. 

In yet another aspect of the present invention it prescribes at least two inlet openings for 
the well flow, one situated at a higher altitude than the other, to utilize the pre- 
30 separation of the well fluids that naturally takes place in the well before it enters the 
separation chamber, and provide that the hydrocarbon enriched part of the well fluid 
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enters the higher opening and the water enriched part of the well fluid enters the lower 
opening. 

The invention as defined in the appended claims will result in one or more of the 
5 following advantages: 



• Increased total flow capacity 

• The various cells can be tuned to handle various water-cuts (WC) as the upper cells 
are likely to handle lower WC than the lower units 

10 • Increased overall efficiency since the upper cells will receive more clean oil and less 
water while lower cells have more clean water and less oil to remove 

• Can be combined with inflow zone control to improve reservoir drainage 

• Each cell can be adjusted for various inflow pressure along the well bore 

15 One particular interesting advantage of such a system is to utilise the control valves in 
each separation cell for inflow zone control This will require that each section of the 
well, that is to be drained separately, will have to be isolated from the others by packers. 
The main advance with such a system is to obtain a combination of both balanced and 
optimised reservoir drainage and improved separator performance. 

20 

To get an indication of the possibilities with CS cells, a simple test was initiated 

A 7,9 meter long tube of 100 mm diameter was made with an inlet arrangement in the 
mid-section. Oil and water header tubes were included in the main tube. The tube could 
25 be tilted to various angles. A mixture of oil and water was entered in the mid-section. 
Separation and counter-current flow would take place as described above. The oil/water 
system consisted of Exxol D80 (a de-aromatized paraffin) and fresh water. 

The following parameters were varied during the test: 
30 • Separation tests were conducted at angles between 4 and 47 degrees 

• Flow rates were increased until no separation would occur due to creation of 
emulsion by the break-up of the oil/water interface 



WO 03/062597 



PCT/NO03/00018 



6 

• Water-cut was varied from 27 to 79 % 

The following observations were made: 

• High flow rates created more emulsions 

5 • Separation efficiency was lowest at the inversion point (approx. 50% WC) 

• A jump in the interface level was detected at superficial velocities between 0,01 5 
and 0,02 m/s 

• Adding emulsion breaker increased the max. flow rate that could be achieved before 
separation-breakdown took place 

10 

The test showed that: 

• A higher separation capacity could be achieved for oil-continuous flow (low WC) 
compared to water continuous flow (high WC). 

• The total separation capacity seemed quite constant for WC above the inversion 
1 5 point (in the low WC region) 

• The separation capacity increased with increasing inclination up to approx. 36 
degrees 

• Control of the oil/water interface was more difficult at high angles 

• The separation capacity was enhanced by use of emulsion breaker (approx. double 
20 rate at 7 degrees) 

• A maximum total flow rate (oil + water) was estimated for a 9 5/8" casing separator 
(ID 222 mm) based on the separation test. 

The following conclusions can be drawn from these tests: 
25 • Separation can be achieved at a wide variation of angles, but angles above 5-10 
degrees and below 35 -40 degrees seems to be the most favourable for counter- 
current separation 

• The separation efficiency seems to be 50% lower above the inversion point (in the 
high WC region) compared to below 

30 • The total separation capacity is too low for a stand-alone unit used in a high rate 
well 

• Active level control is necessary for achieving good product quality 
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• The effect of improved separation under downhole conditions can be illustrated by 
the 100% increase in efficiency at 7 degrees by using emulsion breaker. 

The present invention also provides for utilising the pre-separation that has occurred 
5 outside of the separator chamber prior to entering the separator, preventing re-mixing of 
the separated counter-current oil/water flow with the incoming fluid flow, and thus 
minimising flow disturbance and increasing efficiency. 

Although the present invention is mainly aimed at separators and methods for 
0 separations in an inclined well, at least some embodiments of the invention are also 
useful for horizontal wells. 

The invention will be described in detail below in an embodiment of the invention, 
under reference to the accompanying drawings, in which: 

5 

Figure 1 shows a section of a well bore with a separator according to the invention, 

Figures 2a- 2d show the lower section of the separator in figure 1, 

Figure 2a shows the lower section in the same cross section as in figure 1, 
,0 Figure 2b shows a cross section along G - G in figure 2a, 

Figure 2c shows the lower section of the separator in a longitudinal section 
transverse to the longitudinal section of figure 2a, along B - B in figure 2d, 
Figure 2d shows a cross section along C - C in figure 2a, 

:5 Figures 3a - 3d show the upper section of the separator in figure 1, 

Figure 3 a shows the upper section in the same cross section as in figure 1, 
Figure 3b shows a cross section along F - F in figure 3a, 
Figure 3c shows the upper section of the separator in a longitudinal section 
transverse to the longitudinal section of figure 3a, along B - B in figure 3d, 

10 Figure 3d shows a cross section along H - H in figure 2a, 

Figures 4a - 4d shows the middle section of the separator in figure 1, 
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Figure 4a shows the middle section in the same view as in figure 1, 
Figure 4b shows a cross section along D - D in figure 4a, 
Figure 4c shows a longitudinally section along B - B in figure 4d, 
Figure 4d shows a cross section along E - E in figure 4a, 

5 

Figure 5a shows a detailed view of the left end of figure 2c and Figure 5b shows a cross 
section along C - C in figure 5b. 

The term hydrocarbons are used below as the term for the desired fluid from the 
10 formation. This comprises at least oil, but may also comprise a minor amount of gas or 
condensate. 

In figure 1 is schematically shown an embodiment of a separator cell according to the 
present invention, for counter-current separation in an inclined well bore. The well is 

1 5 drilled through a hydrocarbon containing layer (production zone 1). As shown in figure 
1, and as is the case in many situations, a casing 2 is delimiting the well from the 
production zone 1. Perforations are made through the casing wall (not show) to enable 
flow of reservoir fluids into the well. Above and below the production zone 1, packers 3 
and 4 are placed. The packers 3, 4 isolate the part of the well that passes through the 

20 production zone 1 and can be located at other places than shown at figure 1 . Several 
perforation slots are typically made along the casing 2 between packers 3 and 4. The 
inflow rate will therefore be distributed along this section. Other sections of the 
perforated casing can be isolated with packers in a similar way. 

25 In those cases where the separator is located in an open, uncased well section, packers 
may isolate towards the rock surface in the open hole. In some cases a sand screen can 
be installed to prevent solid particles to follow the incoming flow. The description 
further on will however only cover the cased alternative since the functional description 
will be the same. 

30 

Since the inflow is distributed over a long section outside the separator, the inflow rate 
per unit length is low and a pre-separation of the fluids will occur due to gravity. The 



WO 03/062597 



PCT/NO03/00018 



9 

lightest fluid, in particular the hydrocarbon fluid, will move upward and collect in the 
uppermost part of the annulus between the separator chamber and the casing 2 and in 
the area towards the packer 4. The heavier fraction, i.e. water, will move downwards 
and collect in the lowermost part of the annulus between the separator chamber and the 
5 casing 2 and in the area towards the packer 3. 

The separator has a first inlet opening 13 in an upper wall 9 and a second inlet opening 
14 in a lower wall 10. The orientation of the inlet openings 13 and 14 in an upper 
opening 13 and a lower opening 14 is important to take advantage of the pre-separation 

10 of the well fluids that take place in the annulus between the casing 2 and the separator. 
Hydrocarbon enriched fluid will tend to collect in the upper part of the sealed off zone 
between the packers 3 and 4 and water enriched fluid will tend to collect in the lower 
part of this zone. Thus the hydrocarbon enriched fluid will enter through the upper inlet 
opening 13 and the water enriched fluid will enter through the lower inlet opening 14. 

15 The separator has a lower end wall 15 and an upper end wall 16, that together with the 
upper wall 9 and the lower wall 10 enclose the separator chamber 17. 

In the embodiment shown in figure 1 is an outlet pipe 7 arranged near the upper wall 9 
and the upper end wall 16. The outlet pipe 7 is designed to lead the hydrocarbons out of 

20 the separator. In a corresponding way an outlet pipe 8 is arranged near the lower wall 10 
and the lower end wall 15. The outlet pipe 8 is designed to lead the water out of the 
separator. The hydrocarbon outlet pipe 7 is arranged near the upper wall 9 of the 
separator, to collect the hydrocarbons that accumulates near this wall. The Water outlet 
pipe 8 is arranged near the lower wall 10 of the separator, to collect the water that will 

25 accumulate near this wall. 

The two outlet pipes 7, 8 are preferably designed to collect the hydrocarbons and water, 
respectively, along a length of the pipe that is provided with openings 1 1 and 12, 
respectively. Preferably, the openings 1 1 and 12 have decreasing opening areas towards 
30 the respective upper end walls 16 and lower end wall 15 so that the hydrocarbons and 
water, respectively, is drawn out with decreasing amount along the length of the outlet 
pipes 7, 8 to allow coalescence of the smaller droplets in the areas towards the end walls 
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1 6 and 1 5. Preferably, the outlet pipes are of a design described in detail in Norwegian 
Patent Application No. 2000 1954 (corresponding to PCT/NO0 1/00 156) of the present 
applicant, which is incorporated herein by reference. 

5 The separation of the hydrocarbons and water will be governed by gravity and fluid 
viscous forces. Final coalescence of dispersed oil droplets will take place in the water 
column above the lower end wall 15. In a similar way the dispersed water droplets will 
coalesce and settle in the oil column near the upper end wall 16. 

10 The separator may be divided (although not necessarily physically) into three sections 

• a lower section 18 comprising the lower end wall 15, the water outlet pipe 8 and 
the parts of the upper wall 9 and the lower wall 10 that are closest to the lower end 
wall 15, 

• an upper section 19 comprising the upper end wall 16, the hydrocarbon outlet 
15 pipe 7 and the parts of the upper wall 9 and the lower wall 10 that are closest to 

the upper end wall 16, 

• and a middle section 20 comprising the inlet openings 13 and 14 and parts of the 
upper and lower walls 9, 10 that are close to the inlet openings 13, 14. 

20 The separator will now be described in more detail under reference to figures 2a - 2d, 
3a -3d and 4a- 4d. 

Figures 2a - 2d show the lower section 18 of the separator. In figure 2a the lower 
section 18 is shown in the same cross section as in figure 1. This shows the parts of the 
25 upper wall 9 and the lower wail 10 closest to the lower end wall 15, containing the 

water outlet pipe 8. The water outlet pipe 8 is connected to a water flow pipe 21 through 
a control valve 36 and a transition pipe 22 which set the water outlet pipe 8 in fluid 
connection with the water flow pipe 21. The water flow pipe 21 extends through the 
length of the separator as shown in, e.g., figure 1 . 

30 

Figure 2b shows a cross section along G - G in figure 2a. In this cross section the water 
flow pipe 21 and the water outlet pipe 8 are shown, as well as a hydrocarbon flow pipe 
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23, which also extends through the length of the separator parallel to the water flow 
pipe 21. 

As can also be seen from figure 2b, the upper wall 9 and the lower wall 10 together 
5 forms a cylinder. The upper wall 9 extends down to the water flow pipe 21 and the 
hydrocarbon flow pipe 23, and the lower wall 10 extends up to the two pipes 21 and 23. 
In practice the upper and lower walls 9 and 10 are made integrally from a tubular shape. 

Figure 2d shows a cross section along C - C in figure 2a and shows the water flow pipe 
10 21 and the hydrocarbon flow pipe 23 situated in the separator chamber 17. 

In figure 2c the lower section 1 8 of the separator is shown in a longitudinal section 
transverse to the longitudinal section of figure 2a, along B - B in figure 2d. In this view 
both the water flow pipe 21 and the hydrocarbon flow pipe 23 are visible. A part of the 
15 water outlet pipe 8 and that transition pipe 22 are also visible between the pipes 21 and 
23. 

As can be seen from figures 2a and 2c, the water flow pipe 21 is connected to a joint 
chamber 24, which is situated behind the separator end wall 15. The hydrocarbon flow 
20 pipe 23 is connected to a bend 25, which passes through the joint chamber 24. The end 
of the bend 25 furthest from the hydrocarbon flow pipe 23 is centrally situated in the 
joint chamber 24. The joint chamber 24 and the bend 25 is intended for coupling to a 
joint chamber 24' and an bend 25' in a second separator situated below the lower 
section 18. 

25 

Referring to figures 3a - d, the upper section 19 will be described. The upper section 19 
is similar to the lower section 18, except that it is oriented so that the hydrocarbon outlet 
pipe 7 is situated near the upper wall 9, while the water outlet pipe is situated near the 
lower wall 1 0 in the lower section 1 8. 

30 

In figure 3a the upper section 19 is shown in the same cross section as in figure 1. This 
shows the parts of the upper wall 9 and the lower wall 10 closes to the upper end wall 
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16, containing the hydrocarbon outlet pipe 7. The hydrocarbon outlet pipe 7 is 
connected to the hydrocarbon flow pipe 23 through a control valve 37 and a transition 
pipe 26 which connects the hydrocarbon outlet pipe 7 to the hydrocarbon flow pipe 23. 
The hydrocarbon flow pipe 23 extends through the length of the separator as explained 
5 earlier. 

Figure 3b shows a cross section along F - F in figure 3a. In this cross section the water 
flow pipe 21, the hydrocarbon flow pipe 23 and the hydrocarbon outlet pipe 7 are 
shown. 

10 

Figure 3d shows a cross section along H - H in figure 2a and shows the water flow pipe 
21, the hydrocarbon flow pipe 23 and the hydrocarbon outlet pipe 7, as well as the 
transition pipe 26, situated in the separator chamber 17. 

15 In figure 3c, the upper section 19 of the separator is shown in a longitudinal section 

transverse to the longitudinal section of figure 3a, along B - B in figure 3d. In this view 
both the water flow pipe 21 and the hydrocarbon flow pipe 23 are visible. The 
hydrocarbon outlet pipe 7, control valve 37 and the transition pipe 26 are also visible, 
partly covering the pipes 2 1 and 23. 

20 

As can be seen from figures 3a and 3c, the water flow pipe 21 is connected to a joint 
chamber 27, which is situated behind the separator upper end wall 16. The hydrocarbon 
flow pipe 23 is connected to a bend 28, which passes through the joint chamber 27. The 
end of the bend 28 furthest from the upper end wall 16 is centrally situated in the joint 
25 chamber 27. The joint chamber 27 and the bend 28 is intended for coupling to a joint 
chamber 27' and an bend 28' in a second separator situated above the upper section 19 
in a similar way as described for joint chamber for the lower section. 

30 Referring to figures 4a - 4d, the middle section 20 will be described. 
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Figure 4a shows the middle section in the same view as in figure 1 . The inlet openings 
13 and 14 from the well annulus into the separator chamber 17 are shown. Close to the 
openings 13 and 14 baffle plates 29, 30, 31 and 32 are placed. These are intended to 
keep the in-flowing well flow from disturbing the fluids already inside the separator to 
5 avoid re-mixing of the already partly separated phases. 

Figure 4b shows a cross section along D - D in figure 4a. The openings 13 and 14, the 
baffle plates 30 and 32, and the water and hydrocarbon flow pipes 21 and 23 are shown. 

1 0 Figure 4d shows a cross section along E - E in figure 4a. Also here the baffle plates 30 
and 32, and the water and hydrocarbon flow pipes 21 and 23 are shown. 

Figure 4c shows a longitudinally section along B - B in figure 4d. The water flow and 
hydrocarbon flow pipes 21 and 23 are shown. Also shown are the opening 14 and the 

15 baffle plates 31 and 32. As can be seen from figure 4c the baffle plates 31 and 32 are in 
fact one plate, in which an opening is formed, which is coincident with the opening 14. 
The inlet arrangement is very simple. In tests it proved very important to include the 
baffle plates to protect the counter current separated flow from the incoming fluid flow. 
The inlet flow openings 13 and 14 can however have different shape than shown and 

20 even consist of several separate openings in the same area. 

As shown in figure 4a, a first level gauge 33 is placed below the inlet openings 13, 14 1< 
measure the top level of the water phase, and a second level gauge 34 is placed above 
the inlet openings 13 and 14 to measure the bottom level of the hydrocarbon phase. If 

25 the top level of the water phase rises above the first level gauge 33 the outtake of water 
through the water outlet pipe 8 (shown in figure 1) will have to be increased and/or the 
outtake of hydrocarbons through the hydrocarbon outlet pipe 7 (shown in figure 1) will 
have to be decreased. If on the other hand the bottom level of the hydrocarbon phase 
sinks below the second level gauge 34, the outtake of hydrocarbons through the 

30 hydrocarbon outlet pipe will have to be increased and/or the outtake of water through 
the water outlet pipe will have to be decreased. 
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Control the outflow rate is preferably performed by the adjustable valves 36, 37 at the 
two outlets based on measurement of the oil/water interface level within the mid-section 
of the separator chamber. Balancing of the flow rate sharing between each separator is 
5 preferably done by tuning the outlet flow from each separator to handle a pre- 
deteimined portion of the overall inflow rate. 

The joint between two separators according to the present invention will now be 
described referring to figures 5a and 5b. 

10 

As can be seen from figure 5a, which in reality shows the same as the left end of figure 
2c the water flow pipe 21 of the right hand separator and the water flow pipe 21' of the 
left hand separator are connected to a respective joint chamber 24 and 24'. The joint 
chambers have the same inner and outer diameter as the separators and are in fact an 

15 integrated part of the respective separator walls 9, 10. The two joint chambers 24 and 
24' are joined together by an outer sleeve 35 having right and links threads engaging 
with similar threads outside the walls 9, 10, 9', 10'. The joint chambers 24 and 24' are 
thereby being pulled together turning sleeve 35. A key-arrangement (not shown) will 
ensure that the two separator units are being rotationally conectly oriented when mated 

20 together. The hydrocarbon flow pipes 23 of the right hand separator and the 

hydrocarbon flow pipe 23' of the left hand separator are connected to respective bends 
25 and 25\ The facing ends of the bends 25 and 25* are centrally situated in the joint 
chamber 24, 24', as shown in the cross section of figure 5b along C - C. The bend 25 
extends a little distance into the joint chamber 24', so that the bends 25 and 25* 

25 overlaps. The bend 25 has also a larger diameter than the bend 25 \ so that the bends 25 
and 25' mate in a sealed co-centric male/female coupling. 

Any number of separators according to the present invention can be joined together as 
shown. Thus the separators can separate well fluids from different zones in the well. 
30 The water flow pipes and the hydrocarbon flow pipes will extend continuously through 
the interconnected separators, which will contribute to the flow of the phases by adding 
fluids through the transition pipes 22 and 26 respectively. This way any number of 
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separators can physically be interconnected one after the other, but operatively they are 
coupled in parallel. 

The separator housing is a closed chamber. The inlets are at top and bottom along a 
5 vertical line. This orientation provides for pre-separated hydrocarbons to enter the 
separation chamber though the upper inlet opening 13 and the pre-separated water to 
enter the separator chamber through the lower inlet opening 14. The separator must be 
installed with an orientation means to make sure that the hydrocarbon inlet at the top 
and the water inlet at bottom. 

10 

For a separator according to the invention to be used in a horizontal part of the well, the 
inlet openings could be situated at one end of the separator and the outlet openings at 
the opposite end of the separator. The arrangement would imply a co-current flow of the 
phases as opposed to a counter-current flow. 

15 

To make the separator practical for installation and ensure easy drill-floor handling, the 
following design features are preferably included: 

• Make each separator cell (CS cell) to a standardized size and construction (so that 
20 overall capacity will be the sum of units). 

• Design to fit standard and most common casing diameter sizes 

• Maximum length to be kept within maximum practical handling dimensions (12 - 14 
m) 

• Type of couplings to be used to ensure CS cells to be connected with the same 
25 rotational orientation, preferably: union couplings at each separator section, 

rotational orientation of each section with a key-arrangement. 

• Means of orienting the unit in the bore hole to make the oil inlet appear on top and 
water inlet at bottom, preferably: packer with key and CS cell with orienting slot. 

• Robust and simple design per common drilling equipment standards. 

30 • Single wire data transfer system for monitoring and control. Daisy-chain connection 
of valves and sensors by jumper cables from each unit to the next. 
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Claims 

1. 

Device for downhole counter-current separation of well fluids , characterised 
5 i n that it comprises: 

a separator housing having walls (9, 10, 15, 16) defining a separator 
chamber (17) thereinbetween and also defining an annulus between the 
walls and a casing (2) in the well bore; 

a water outlet (8) and a hydrocarbon outlet (7) from said separator 
10 chamber (17); and 

a well flow inlet (13, 14) to the chamber (17), communicating with the 
annulus. 

2. 

1 5 Device for downhole separation of well fluids, comprising: 

a separator housing having walls (9, 10, 15, 16) defining a separator 
chamber (17) thereinbetween; 

a water outlet (8) and a hydrocarbon outlet (7) from said separator 
chamber (17); 

20 a well flow inlet ( 1 3, 1 4) to the chamber ( 1 7), communicating with the 

well bore, optionally an annulus between the separator housing and a 
casing (2) in the well bore, 

characterised in that the well flow inlet comprises an upper 
well flow inlet (13) and a lower well flow inlet (14), said upper well flow 
25 inlet (13) being situated at a higher level than said lower well flow inlet 

(14). 

3. 

Separator device for downhole separation of well fluids, characterised in 
30 that the device comprises: 
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at least two separator cells, each separator cell comprising a separator 
housing, said separator housing having walls (9, 10, 15, 16) defining a 
separator chamber (17) thereinbetween; 

a water outlet (8) and a hydrocarbon outlet (7) from said separator 
5 chamber (17); 

a well flow inlet (13, 14) to the chamber (17); 

a water flow channel (21) communicating with said water outlets (8) of 
said at least two separator cells; and 

a hydrocarbon flow channel (23) communicating with said hydrocarbon 
10 outlets (7), to provide a parallel operation of said separator cells. 

4. 

Device according to claim 3, characterised in that said separator cells are 
coupled physically end to end. 

15 

5. 

Device according to claim 4, characterised in that said water flow channel 
(21) and said hydrocarbon flow channel (23) are situated within said walls (9, 10, 15, 
16). 

20 

6. 

Device according to any of the claims 3 - 5, characterised in the water flow 
channel (21) and the hydrocarbon channel (23) are in communication with the water 
outlets (8) and the hydrocarbon outlets (7), respectively, through a respective control 
25 valve (36, 37). 

7. 

Device according to one of the claims 3-6, characterised in that the 
separators are counter-current separators. 

30 
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8. 

Device according to one of the claims 3 - 7, c h a r a c t e r i s e d i n that the 
separator device is placed in a well bore which is divided into at least two zones by 
sealing off said zones with packers (3, 4), said at least two zones communicating well 
5 fluid into a different separator cell or a different set of separators cells. 

9, 

Device according to any of the preceding claims, characterised in that the 
10 well flow inlet (13, 14) is situated at a substantial distance from said water outlet (8) and 
said hydrocarbon outlet (7). 

10. 

Device according to any of the preceding claims, characterised in that the 
15 separator is situated in an inclined part of the well bore, that walls of the separator 

housing comprises a lower end wall (1 5) and an upper end wall (16), and an upper wall 
(9) and a lower wall (10), said upper wall (9) and said lower wall (10) extending 
between said lower end wall (15) and said upper end wall (16), the water outlet (8) 
being situated near said lower wall (10), and the hydrocarbon outlet (7) being situated 
20 near said upper wall (9). 

11. 

Device according to claim 10, characterised in that the water outlet (8) 
being situated near said lower end wall (15) (in the end facing downwards of the 
25 separator chamber 17), and the hydrocarbon outlet (7) being situated near said upper 
end wall (16) ) (in the end facing upwards of the separator chamber (17). 

12. 

30 Device according to any of the claims 10-11, characterised in that an 
upper well flow inlet (13) is formed in the upper wall (9) and a lower well flow inlet 
(14) is formed in said lower wall (10), 
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13. 

Device according to any of the preceding claims, characterised in that the 
well flow inlet comprises baffle plates (29, 30, 31,32), to prevent the flow of well fluid 
5 entering the separator chamber (17) from disturbing the fluids already inside of the 
separator chamber (17). 

14. 

Device according to any of the preceding claims, characterised in that it 
10 further comprises at least one level gauge (33, 34) near said well flow inlet (13, 14), 
optionally, a first level gauge (33) on a first side of said well flow inlet (13, 14) and a 
second level gauge (34) on a second side of said well flow inlet (13, 14), said second 
side being at a higher altitude than the first side. 

15 15. 

Device according to any of the preceding claims, c h a r a c t e r i s e d i n the 
separator housing being provided with a first packer (3) situated on a first side of said 
well flow inlet (13, 14) and a second packer (4) situated on a second side of said well 
flow inlet (13, 14), said packers (3, 4) sealing off a zone of the annulus at the vicinity of 
20 the separator housing, said zone communicating with the separator chamber (17) 
through said well flow inlet (13, 14). 

16. 

Device according to any of the preceding claims, characterised in that the 
25 water outlet (8) and the hydrocarbon outlet (7) comprise a series of outlet openings (1 1, 
12) distributed along a length of the separator chamber (17) and sized to receive a 
decreasing amount per unit length towards the downstream end. 

17. 

30 Device according to any of the preceding claims, characterised in a water 
flow channel (21) and a hydrocarbon channel (23) extending through said separator 
chamber (17), said water outlet (8) being in communication with said water flow 
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channel (21) and said hydrocarbon outlet (7) being in communication with said 
hydrocarbon channel (23). 

18. 

5 Device according to claim 17, characterised in that said water flow 
channel (21) is a tube. 

19. 

Device according to claim 17, characterised in that said hydrocarbon flow 
10 channel (23) is a tube. 

20. 

Device according to one of the claims 17 - 19, c h a r a c t e r i s e d i n that said 
water flow channel (21) and said hydrocarbon channel (23), at least at one of their ends, 
1 5 are terminated in a joint section, said joint section being adapted for coupling to a joint 
section of a further separator device. 

21. 

Device according to claim 20, characterised i n that said joint section 
20 comprises a joint chamber (24, 24'), one of said water flow channel (21) or said 

hydrocarbon channel (23) being in communication with said joint chamber (24, 24*); 
and a pipe section (25, 25'), the other of said water flow channel (21) or said 
hydrocarbon channel (23) being in communication with said pipe section (25, 25'). 

25 22. 

Method for downhole separation of well fluids, characterised in that 
hydrocarbon producing zones in a well bore are sealed ofT, well fluid is drawn out of a 
respective formation adjacent the zones, well fluid entering the respective zones is 
separated into water and hydrocarbons in downhole separators, the separation of the 
30 well fluid from the respective zones taking place independent of one another. 
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23. 

Method according to claim 22, characterised in that the respective 
separators are placed in the respective zones and isolated from each other by packers. 

24. 

Method for downhole separation of well fluids, characterised in that a 
separator is placed in a hydrocarbon producing zone in a well, said zone is sealed off 
and set in communication with the separator through an upper well flow inlet (13) and a 
lower well flow inlet (14), said upper well flow inlet (13) being situated at a higher level 
than said lower well flow inlet (14). 

25. 

Method according to claim 24, characterised in that separators are placed 
in a multiple of zones, said zones are sealed off from each other and said respective 
zones are communicating with a respective of said separators. 
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